Introduction
Chronic obstructive pulmonary disease (COPD) currently affects more than 5% of the adult population; 1 it is the fourth leading cause of death in the US. 2 Bronchodilators are central to symptom management in this disease, with long-acting muscarinic antagonists (LAMAs) and long-acting β 2 -agonists (LABAs) being established maintenance therapies, as supported by national and international recommendations. 1, 3 The once-daily inhaled LAMA tiotropium has been demonstrated to provide improvement in airflow limitation, reduce lung hyperinflation, and increase exercise tolerance in COPD. Furthermore, long-term data demonstrate benefits in reducing the rate of exacerbations and related hospitalizations. [4] [5] [6] [7] [8] The once-daily LABA olodaterol has recently been evaluated in a Phase III clinical trial program; full results of this are yet to be communicated. [9] [10] [11] [12] In the clinical development program for olodaterol, the device system used was the Respimat ® Soft Mist™ inhaler (Boehringer Ingelheim GmbH and Co. KG, Ingelheim, Germany). Tiotropium is also available in several countries via the Respimat ® but in the US it is currently only approved for administration as a dry powder through the HandiHaler ® dry powder inhaler device (Boehringer Ingelheim GmbH and Co. KG).
For patients with COPD who remain symptomatic despite monotherapy, international guidelines indicate that combining bronchodilators with different mechanisms of action may improve efficacy and reduce the risk of side effects compared to increasing the dose of the single agent. 3, 8, 13 The two 12-week studies in our report, conducted across multiple centers in the US, evaluated the efficacy and safety of using olodaterol 5 µg once daily (via Respimat 
Methods

Study design
ANHELTO 1 (Study 1222.51) 14 and ANHELTO 2 (Study 1222.52) 15 were replicate, 12-week, randomized, double-blind, parallel-group, multicenter trials to assess the efficacy and safety of 12 weeks of once-daily coadministration of tiotropium 18 µg (via the HandiHaler ® ) and olodaterol 5 µg (via the Respimat ® inhaler) compared to once-daily coadministration of tiotropium 18 µg (via the HandiHaler ® ) and placebo (via the Respimat ® inhaler). The studies were registered with ClinicalTrials.gov, identifying numbers NCT01694771 (ANHELTO 1) and NCT01696058 (ANHELTO 2).
randomization
Patients who met the inclusion and exclusion criteria were randomized to one of the two treatment groups for 12 weeks ( Figure 1 ) and followed up for 3 weeks after the last dose of study medication.
Each morning during the randomized treatment period, patients took two inhalations from the assigned Respimat 
Procedures
During the screening and 12-week treatment periods, patients were not permitted to take concurrent inhaled corticosteroids (ICS) in fixed combination with LABA, ICS/short-acting β-agonists, short-acting muscarinic antagonist/short-acting β-agonist combinations, or phosphodiesterase Type 4 inhibitors. ICS, oral (#10 mg prednisone per day, or equivalent) and injected steroids, cromolyn sodium/nedocromil sodium, antihistamines, antileukotrienes, methylxanthines, mucolytics, and theophyllines were permitted. Albuterol was provided as rescue medication only.
The study was conducted in accordance with the Declaration of Helsinki and the International Conference 
Patients
Patients with COPD were eligible for the studies if they had post-bronchodilator forced expiratory volume in 1 second (FEV 1 ) greater than or equal to 30% and less than 80% of predicted normal and post-bronchodilator FEV 1 /forced vital capacity (FVC) less than 70% (Global initiative for chronic Obstructive Lung Disease 2-3). 3, 13 Patients were at least 40 years of age and current or former smokers with a smoking history of more than 10 pack-years. The key exclusion criteria included significant disease other than COPD (ie, a disease that, in the opinion of the investigator, may put the patient at risk because of participation in the study, may influence the results of the study, or may affect the patient's ability to participate in the study), a history of asthma, thyrotoxicosis, paroxysmal tachycardia, unstable or life-threatening cardiac arrhythmia, myocardial infarction within the previous year, or hospitalization for heart failure within the past year. Patients who regularly used daytime oxygen therapy for more than 1 hour per day and, in the investigator's opinion, were unable to abstain from its use during clinic visits were excluded, as were those who were either currently on a pulmonary rehabilitation program or who had completed such a program in the previous 6 weeks.
end points
The co-primary efficacy end points were: area under the curve from 0-3 hours (AUC 0-3 ) of FEV 1 ; and trough FEV 1 responses (ie, change from baseline) at 12 weeks of treatment. St George's Respiratory Questionnaire (SGRQ) total score, a measure of respiratory-specific health status, at week 12 was identified as a key secondary efficacy end point for the combined data set. Other secondary efficacy end points were peak FEV 1 , FVC AUC 0-3 , peak and trough FVC responses at 12 weeks, and rescue medication use over the 12-week treatment period. The safety end points included adverse events (AEs), serious AEs, vital signs, blood chemistry, and electrocardiogram.
assessments Spirometry was conducted at study entry to determine patient eligibility. Testing was also performed at randomization and after 4 and 12 weeks of treatment at the following time points: 1 hour pre-dose, 10 minutes pre-dose, and at less than or equal to 3 hours post-dose (5, 15, and 30 minutes, and 1, 2, and 3 hours post-dose). Two additional measurements were conducted after 12 weeks (at 23:00 and 23:50 hours postdose) in order to capture trough FEV 1 .
Vital signs were measured in conjunction with pulmonary function tests pre-dose and 1 hour post-dose at all visits during the randomized treatment period. SGRQ was administered at randomization and at the completion of 12 weeks of treatment (or at early discontinuation).
At each visit, all AEs reported by the patient were recorded, irrespective of causality. Blood pressure and pulse rate were measured prior to spirometry at all visits. Clinical laboratory testing (hematology, blood chemistry, and urinalysis) was performed at screening, after the treatment period, and in case of premature withdrawal from the study. A standard 12-lead electrocardiogram was performed at screening for all patients and at the end of randomized treatment.
Statistical analysis
It was estimated that with 509 treated patients, each study would be able to detect treatment differences of 0.046 L for FEV 1 AUC 0-3 response (standard deviation 0.226 L) with 90% power, and 0.046 L for trough FEV 1 response (standard deviation 0.225 L) with 92% power. In each study, 560 patients were to be randomized for each treatment group, with a total of 1,120 patients. Such a sample size would provide 92% power.
FEV 1 AUC 0-3 and trough FEV 1 responses (ie, change from baseline) at week 12 for each study were analyzed using a restricted maximum likelihood-based mixed model for repeated measurements (MMRM). Analyses included the fixed, categorical effects of treatment, visit, and treatment-by-visit interaction, as well as the continuous, fixed covariates of baseline and baseline-by-visit interaction. An unstructured (co)variance structure was used to model the within-patient errors.
SGRQ total score at week 12 was analyzed using MMRM as described in the primary analysis. The SGRQ analysis was based on the combined data from both studies. Descriptive statistics were provided for the other secondary end points. No formal statistical analysis was planned for the safety comparisons; summary statistics are presented.
All efficacy and safety analyses were based on the treated set (ie, all randomized patients who received at least one dose of double-blind study treatment).
Results
Patient disposition and baseline characteristics
A total of 2,267 patients were randomized and received treatment in the two studies: 1,132 in ANHELTO 1 and 1,135 in ANHELTO 2 (Figure 2 ). The majority of patients completed treatment (93% in both studies), with a similar incidence of discontinuation across the treatment groups. AEs were the most frequent reason for discontinuation.
The baseline demographic characteristics of patients in the two studies are shown in 
Patients not randomized n=679
Patients screened n=1,964
Patients randomized n=1,137
Patients not treated n=2 
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Olodaterol respimat ® and tiotropium handihaler ® in patients with COPD across treatment groups, although mean duration of COPD was slightly longer in the olodaterol + tiotropium group and disease severity was slightly worse in the tiotropium + placebo group in both studies. The mean (standard deviation) post-bronchodilator percentage of predicted normal FEV 1 was 54.0 (13.0) in ANHELTO 1 and 53.3 (13.8) in ANHELTO 2.
Efficacy
The FEV 1 profiles at day 1 and week 12 are presented in Figure 3 for each study.
Primary end points
Improvements in FEV 1 AUC 0-3 and trough FEV 1 responses were greater with olodaterol + tiotropium than tiotropium + placebo at week 12 in each study ( 
Key secondary end point: SGRQ pooled analysis
At week 12, SGRQ total scores were statistically significantly lower (ie, improved) with olodaterol + tiotropium than with tiotropium + placebo; mean (95% confidence interval) difference between groups was -1.85 (-2.757, -0.951; P,0.0001). This improvement did not meet the threshold (ie, 4 units) established as a clinically meaningful change with this instrument. 16 Results of the SGRQ scores are presented in Table 3 . 
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ZuWallack et al A post hoc responder analysis was conducted on the SGRQ data after 12 weeks. 556 (49.3%) patients receiving olodaterol + tiotropium and 480 (42.5%) patients receiving tiotropium + placebo had an SGRQ improvement of $4 units.
Other secondary end points
Results of the other secondary end points are presented in Table 4 . These results support results of the primary end points, with improvements in peak FEV 1 , FVC AUC 0-3 , and peak and trough FVC at week 12. Responses were numerically higher in ANHELTO 1 than ANHELTO 2.
Rescue medication usage was lower with olodaterol + tiotropium than with tiotropium + placebo, with a greater number of days free of rescue medication during treatment with the combination (Table 5 ).
Safety
Incidence of AEs was similar across treatment groups in both studies (Table 6 ). The most frequent events across the two studies were worsening of COPD (10.7%) and dry mouth (2.7%). Most events were mild to moderate in intensity and not considered related to study treatment. Incidence of AEs was considered to be low in both studies. In ANHELTO 1, there were more serious AEs with olodaterol + tiotropium (7.1%) than tiotropium + placebo (4.6%); however, in ANHELTO 2, the incidence of serious 
1139
Olodaterol respimat ® and tiotropium handihaler ® in patients with COPD 
1140
ZuWallack et al
AEs was well balanced across treatments (4.2% and 4.7%, respectively).
The incidence of AEs leading to death is presented in Table 6 . A total of 12 deaths were reported in the two studies: four with tiotropium + placebo and eight with olodaterol + tiotropium. Three occurred during the randomized treatment period: one in the tiotropium + placebo group (cause not defined by treating physician) and two in the olodaterol + tiotropium group (myocardial ischemia and toxicity to cocaine with contributory oxycodone toxicity). The remaining 
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Olodaterol respimat ® and tiotropium handihaler ® in patients with COPD deaths occurred after discontinuation of study treatment: eight occurred during the 21-day post-treatment follow-up (two with tiotropium + placebo [myocardial infarction and convulsions] and six with olodaterol + tiotropium [hemorrhagic cerebral infarction, myocardial infarction/arteriosclerosis, acute respiratory failure (COPD exacerbation was also cited that started during randomized treatment), COPD, cardiac arrest, and sudden death]); one death occurred after the 21-day post-treatment follow-up (tiotropium + placebo [subarachnoid hemorrhage]). No changes in laboratory parameters, vital signs, or electrocardiogram were indicative of a safety signal.
Discussion
The results of these studies demonstrate that combining olodaterol Respimat ® and tiotropium HandiHaler ® provided additional improvements in lung function greater than with tiotropium alone in patients with COPD without an increased incidence of AEs. Multiple trials have evaluated the impact of combining the short-acting muscarinic antagonist ipratropium and β 2 -agonist albuterol, which led to the development of the 
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ZuWallack et al fixed-dose combination of these agents. 17 The evolution of treatment options brought the discovery of new long-acting compounds that also improve lung function and provide sustained bronchodilation when administered once daily. Tiotropium has become one of the most widely studied and used drugs in COPD, and, accordingly, new treatment options have been tested in comparison, and in combination, with this molecule. [18] [19] [20] Olodaterol has been shown to provide lungfunction improvements consistent with those of tiotropium. 10 ANHELTO 1 14 and ANHELTO 2 15 demonstrate that combining olodaterol Respimat ® and tiotropium HandiHaler ® resulted in improvements in lung function greater than those achieved by the well-known and established LAMA tiotropium alone. The additional benefit of the olodaterol Respimat ® and tiotropium HandiHaler ® once-daily LABA and LAMA combination was indicated by effects on the co-primary end points (FEV 1 AUC 0-3 and trough FEV 1 ). The results of the primary efficacy end points were supported by the secondary spirometry end points, including peak FEV 1 , FVC AUC 0-3 , and peak and trough FVC. These beneficial effects were achieved without a concomitant increase in incidence of AEs.
Previously, in a similar set of two 12-week studies, patients with moderate to severe COPD were randomized to treatment with indacaterol (150 µg once daily) or matching placebo; all patients received concurrent open-label tiotropium 18 µg once daily. 21 These trials also demonstrated the benefit of combining tiotropium with a LABA in terms of lung function. However, the assessment of lung function (FEV 1 AUC from 5 minutes to 8 hours post-dose at week 12) cannot be compared directly with the outcome of the ANHELTO trials due to the difference of the time interval assessed and the study design (these were placebo-controlled studies with open-label use of tiotropium in both arms).
Measuring both the trough FEV 1 and the FEV 1 AUC 0-3 is a reasonable way to assess once-daily bronchodilator effectiveness: the trough measurement of FEV 1 determines the extent of bronchodilation at the end of the 24-hour dosing interval while FEV 1 AUC 0-3 provides a close description of the peak effects.
The within-group changes from baseline in trough FEV 1 exceeded the threshold of 100 mL with both olodaterol + tiotropium and tiotropium + placebo, which is generally considered as a clinically relevant difference. 16 However, the between-treatment group difference in change from baseline in trough FEV 1 was below the 100 mL threshold; this suggests that the incremental improvement from adding a second treatment on top of an effective monotherapy cannot be expected to be as large as the difference between the active treatment and placebo. 16 Overall, these results, together with the FEV 1 time profiles, show that significant additional bronchodilation can be consistently achieved throughout a once-daily dosing interval with olodaterol + tiotropium. Since symptoms of COPD are often worse in the morning, the sustained bronchodilation over the 24-hour period should be beneficial in this respect. 22 The beneficial effects on lung function appeared to be translated into benefits for the respiratory-specific health status of the patients assessed in these studies, with statistically significant improvements in SGRQ total scores on top of improvements achieved with tiotropium alone. These studies may not have had sufficient duration to see the full effects on respiratory-specific health status; the literature reports that the largest effects in SGRQ typically occur after approximately 6 months of treatment, 16 possibly due in part to a reduction in the frequency of exacerbations that may be observed over this time period. Previous trials of tiotropium in combination with another LABA (indacaterol) did not report on SGRQ. 21 Some differences were observed in the magnitude of responses in the two studies, which may be due to differences between individuals as well as in the demographic characteristics of populations on entry to the studies. Given that they were designed as replicate studies, it is likely that these reflect random observed phenomena.
Studies have recently been conducted testing other combinations of LAMAs and LABAs, both in free combination 21 and as a fixed-dose combination. [23] [24] [25] These studies have shown benefits of the treatment combinations on lung function and other parameters; however, due to differences in patient populations and study designs, direct comparisons in terms of measurement of airflow improvements are difficult to undertake.
While the treatments used in the ANHELTO studies were generally well tolerated, there appear to be small, inexplicable imbalances in the incidence of serious AEs and deaths with olodaterol + tiotropium compared to tiotropium + placebo in ANHELTO 1.
14 These effects were not seen in ANHELTO 2 15 and no such imbalances have been observed in any previous clinical trials with olodaterol. This includes data from a large clinical program with olodaterol within which a proportion of patients continued to receive background therapy with tiotropium. [9] [10] [11] [12] A large-scale clinical program has recently been completed to evaluate the efficacy and safety of the fixed-dose combination of olodaterol and tiotropium via the Respimat ® device; results to date have also not indicated any safety imbalances compared with placebo (Boehringer Ingelheim; data on file 2013, 2014).
The timing of the deaths could also be an important consideration. In this regard, it is important to point out that
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Olodaterol respimat ® and tiotropium handihaler ® in patients with COPD most deaths (nine of 12) occurred after patients returned to treatment regimens they were receiving prior to entering the trials. Assumptions on causal relationships could be speculative and are difficult, especially when patients with COPD tend to have multiple comorbidities and receive several medications to control or treat these conditions. The fact that each patient is different with respect to their health status and that specific conditions can change over time are important considerations in determining the clinical view of these fatalities. The idea that comorbidity is a substantial driver of morbidity and mortality is an important concept in the management of COPD.
26
It is also important to note that the incidence of COPD exacerbations was similar between treatment arms. Given the relatively short duration of the studies and the fact that they were not powered for statistical comparison of exacerbations between treatment arms, these results are not surprising. Further analyses in long-term, randomized clinical trials would be of interest to determine whether a greater reduction in exacerbations occurs with the combination of olodaterol + tiotropium on top of that previously reported with tiotropium.
Conclusion
These studies demonstrated that combining treatment with the LABA olodaterol (Respimat ® ) and the LAMA tiotropium (HandiHaler ® ) provided further bronchodilation and greater health-related quality of life effects than those achieved with tiotropium alone in the treatment of COPD. The combination provided effective and enhanced bronchodilation over the full 24-hour dosing period and was well tolerated.
